. The SEM image of (a) close-packed monolayer of polystyrene (PS) nanosphere on GaN template, and (b) a nickel hard mask with honeycomb-like structures. 
The Raman spectra and residual stress of LEDs with different NVPC layers
The residual strain in GaN epitaxial layers can be estimated by the shift of the E 2 (high) mode. In Fig. S3 , the E 2 (high) phonon peaks of Raman scattering were observed at 570.2, 569.88, 569.57 and 569.25 cm -1 for reference LED, LED with single-, double-, and triple-layer NVPC layers, respectively. As the Raman peaks shift toward a lower value, the strain is relieved in GaN epitaxial layers. The relation between the stress and the Raman peak shift of E2 (high) mode can be correlated by:
where the ω E2 is the measured E 2 (high) phonon frequencies, ω 0 is the phonon frequencies of the strain free GaN layer (566.5 cm -1 ), C is biaxial strain coefficient and σ is in-plane stress, respectively. The Raman peak shift was 3.7, 3.38, 3.07 and 2.75 cm -1 for the reference LED and LED with NAVs layer from 1 to 3 layers and the corresponding residual stress are 1.45, 1.32, 1.2 and 1.07 GPa. This result indicates the existence of NVPCs can affect the residual stress in GaN thin film. 
The calculation of incoherent reflection
One of the characteristics of NVPCs is the strongly scattered photons during operation. When an optical structure scatters the photons in various directions, the reflection or transmission will not be able to preserve phase information as the general EM wave case, only the magnitude of the field can be added up, which is usually called incoherent reflection or transmission. S2 Fig. S5a shows multiple reflection between interfaces in triple-layer NVPCs. The software, TFcalc, was used to calculate the reflectance at first interface (air and 80-nm-thick SiN x ) which was denoted as R 1 , and T 1 =1-R 1 . The reflectance of interface 2, 3 and 4 (different layer of NVPCs and GaN) is denoted as R 2 , R 3 and R 4 , respectively, and T 2 =1-R 2 , T 3 =1-R 3 and T 4 =1-R 4 . In this calculation, the absorption of GaN and high order reflectivity are neglected.
The reflectance of the LEDs with single-, double-, and triple-layer NVPCs can be calculated by the following formulas: 
